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Abstract 

Background: Rapid weight gain during the first three years of life predicts child and adult obesity, and also later 
cardiovascular and other morbidities. Cross-sectional studies suggest that infant diet, activity and sleep are linked to 
excessive weight gain. As intervention for overweight children is difficult, the aim of the Prevention of Overweight 
in Infancy (POI.nz) study is to evaluate two primary prevention strategies during late pregnancy and early 
childhood that could be delivered separately or together as part of normal health care. 

Methods/Design: This four-arm randomised controlled trial is being conducted with 800 families recruited at 
booking in the only maternity unit in the city of Dunedin, New Zealand. Mothers are randomised during 
pregnancy to either a usual care group (7 core contacts with a provider of government funded "Well Child" care 
over 2 years) or to one of three intervention groups given education and support in addition to "Well Child" care: 
the Food, Activity and Breastfeeding group which receives 8 extra parent contacts over the first 2 years of life; the 
Sleep group which receives at least 3 extra parent contacts over the first 6 months of life with a focus on 
prevention of sleep problems and then active intervention if there is a sleep problem from 6 months to 2 years; or 
the Combination group which receives all extra contacts. The main outcome measures are conditional weight 
velocity (0-6, 6-12, 12-24 months) and body mass index z-score at 24 months, with secondary outcomes including 
sleep and physical activity (parent report, accelerometry), duration of breastfeeding, timing of introduction of solids, 
diet quality, and measures of family function and wellbeing (parental depression, child mindedness, discipline 
practices, family quality of life and health care use). This study will contribute to a prospective meta-analysis of 
early life obesity prevention studies in Australasia. 

Discussion: Infancy is likely to be the most effective time to establish patterns of behaviour around food, activity 
and sleep that promote healthy child and adult weight. The POI.nz study will determine the extent to which sleep, 
food and activity interventions in infancy prevent the development of overweight. 
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Background 

Obesity is one of the greatest threats to health in the 
21st century in many countries, including New Zealand. 
New Zealand is one of the five worst OECD countries 
for both child and adult overweight status [1], with 
almost 10% of children aged 5-14 years currently con- 
sidered obese and a further 20% identified as overweight 
[2]. Many parents do not recognise that their children 
are overweight [3,4], and even if they do, long-term out- 
comes from interventions once children or adults are 
overweight are not impressive [5,6]. In response to con- 
vincing evidence that early growth sets the pattern for 
future growth and predicts both childhood and adult 
obesity, as well as later cardiovascular morbidity and 
mortality [7-9], there has been an increasing focus on 
preventive interventions during infancy. 

In designing interventions for the primary prevention 
of excessive weight gain in infancy, it appears logical to 
begin with the most obvious determinants of energy bal- 
ance-energy intake (breastfeeding, complementary feed- 
ing, and infant diet) and energy expenditure (activity 
and sedentary behaviours). However, over the last 10 
years, increasing evidence has also linked sleep pro- 
blems, and in particular short sleep duration, with 
increased risk of excessive weight gain [10]. An inter- 
vention that seeks to alter infant food, activity and sleep 
needs to effectively modify parental practices in these 
areas in order to positively influence infant behaviour. 
The following sections outline the justification for our 
approach. 

Breastfeeding and introduction of complementary foods 

Despite continued controversy, a recent review of sys- 
tematic reviews of observational studies supports an 
association between no, or short, duration of breastfeed- 
ing and an increased risk of overweight and obesity to 5 
years of age [11]. Although the effect appears to be 
small-each additional month of breastfeeding may be 
associated with a 4% decrease in the odds of overweight 
[12] -it does not appear to be explained by publication 
bias or confounding [13]. Breastfeeding may be particu- 
larly protective against obesity if the breastfeeding is 
exclusive [14], or the mother is overweight [15]. How- 
ever, limited intervention studies have been performed 
and it is not possible to conduct a trial in which infants 
are randomised to receive or not receive breast milk. 
The PROBIT study was able to randomise maternity 
hospitals in Belarus to either a breastfeeding promotion 
based on the WHO-UNICEF Baby-Friendly Hospital 
Initiative, or standard practices and policies in place at 
the time of the study. Although the intervention group 
increased their duration of exclusive breastfeeding this 
had no effect on body mass index (BMI) at 6.5 years of 
age [16]. However, caution must be exercised when 



applying these results to countries such as New Zealand, 
where obesity rates, and therefore the potential for pre- 
vention, are considerably higher. 

It has been suggested that later introduction of com- 
plementary foods may be associated with lower percen- 
tage body fat at age 7 years [17] and decreased risk of 
adult overweight [18]. However, this is controversial 
[19], with a number of studies finding no immediate 
effect on growth during infancy including two small ran- 
domised trials to 6 and 12 months of age [20,21]. More 
recently, a longitudinal study following Australian 
infants from before birth to 10 years of age found that 
delaying the introduction of solids from 20 to 24 weeks 
of age was associated with a 10% lower odds of over- 
weight or obesity at 10 years from multivariate model- 
ling [22]. The authors propose potential mechanisms, 
including epigenetic modification of metabolic program- 
ming and effects of excess protein intake on age of adip- 
osity rebound that may account for a delayed effect on 
obesity, even in the absence of an immediate effect on 
body weight. 

Food and eating 

Early studies clearly demonstrated that children are born 
with an ability to self-regulate intake to match physiolo- 
gical needs [23]. However, the rising prevalence of over- 
weight in toddlers and preschool-aged children and the 
current mismatch between energy intake and require- 
ments [24] would suggest that this ability is either lost 
or ignored from fairly early in life. The potential role 
that parents play in encouraging appropriate eating is 
thus of considerable interest. In feeding terms, respon- 
sive parenting refers to a parent promoting a pleasant 
feeding environment and responding to hunger and sati- 
ety cues in their offspring. By contrast, unresponsive 
parenting involves over-control from the parent such as 
pressuring the child to eat or overtly restricting foods, 
too little control of the child's eating (uninvolved feed- 
ing), or too much control by the child (indulgent feed- 
ing) [25]. The majority of studies investigating 
responsive parenting in young children demonstrate sig- 
nificant inverse relationships with body weight [26]. Ide- 
ally parents play a role in helping children develop 
appropriate food preferences by offering a range of 
healthy foods, on a number of occasions, and in a 
relaxed environment [27]. 

Factors other than parenting style have also been 
implicated in excessive weight gain during the early 
years, including family meals, portion size, and con- 
sumption of sweetened beverages. Family meals are 
associated with healthy eating patterns [28] and reduced 
obesity [29] in children and adolescents. However, the 
relative effects may differ across ethnic and socioeco- 
nomic groups [30] and any positive effects of shared 
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mealtimes may be mitigated by having television on at 
the same time [28]. Although the precise mechanisms 
remain to be elucidated, eating together allows model- 
ling of eating practices, is predictive of family connect- 
edness and presumably facilitates communication. 

Portion size has also been implicated in the develop- 
ment of obesity [31] and experimental studies consis- 
tently demonstrate that offering larger portions of 
energy-dense foods results in a greater intake of food, at 
least in the short-term [32,33]. In contrast, providing 
larger portions of low energy-dense foods (fruit and 
vegetables) increases the overall intake of these foods, 
without increasing total energy intake for the meal [34]. 
However, educating parents about appropriate portion 
sizes for children is complicated by a lack of awareness 
or indeed concern about age-appropriate portion sizes 
for children [35]. Furthermore, although earlier work 
suggested that preschool-aged children may be relatively 
immune to the obesogenic effect of increased portion 
size [36], more recent studies highlight that energy dys- 
regulation may occur as early as 12 months of age 
[37,38]. Training parents to recognise and respond to 
hunger and satiety cues in their infants in an effort to 
encourage appropriate food consumption independently 
of portion size is therefore of considerable interest. 

The relative contribution of sweetened beverages to 
the development of obesity is controversial [39,40]. 
There is no doubt that intakes of sweetened beverages 
have increased substantially over time in all age groups, 
at least in the US where the majority of infants aged 6- 
24 months consume sweetened beverages, predomi- 
nantly fruit juice or fruit drinks (6 ounces/day) with 
smaller intakes (1.5 ounces/day) of other sweet drinks 
[41], at a time when obesity rates have risen. Certainly 
there appear to be links between consumption of sweet 
beverages and body weight in older preschool children 
[42]. 

Physical activity and sedentary behaviours 

Engaging in more sedentary activities (including televi- 
sion viewing) and less outside play have also been linked 
to the development of obesity with some evidence sug- 
gesting that less active pre-school children remain less 
active than their peers throughout childhood [43]. 
Although it is commonly believed that young children 
are very active, studies utilising objective measures of 
physical activity (accelerometry) demonstrate that even 
preschool aged children spend a large portion of their 
day in sedentary activities, as do older children and ado- 
lescents [44,45]. Expert groups currently recommend 
exposing infants to prone play or "tummy time" to help 
facilitate motor milestone development, and limiting the 
time spent restrained in car seats, strollers, prams, and 
play pens [46]. However many parents do not encourage 



prone play in their infants, because of either infant resis- 
tance, or misperceptions around positioning during 
sleep (prone not recommended) and awake (prone 
recommended) [47]. 

Despite recommendations from expert groups to dis- 
courage television viewing in children under two years 
of age [48], television viewing is common in this age 
group [49]. This applies to even the youngest infants, 
with 40% of 3 month olds viewing television, a propor- 
tion that increases with age so that 90% of 24 month 
old children are watching television regularly [50]. Expo- 
sure to television in the infant and toddler years has 
been associated with irregular sleep patterns [51] and 
poorer dietary habits [52], and may impair later lan- 
guage and cognitive development [53], and predispose 
children to obesity [54]. Interventions to reduce televi- 
sion viewing in the first few years of life show promising 
effects on the time spent watching television [55,56]. 

Sleep 

At birth, the sleep of term infants is considered polycyc- 
lic, i.e. there are multiple sleep periods and wake periods 
in a 24-hour day. On average, infants from birth to 2 
months sleep approximately 15 h with short periods of 
waking [57]. Gradually infants consolidate their sleep 
into nocturnal sleep and daytime wake, coincident with 
maturation of sleep-wake regulatory systems within the 
brain circuitry. However, behavioural or physiological 
factors can intervene to upset sleep-wake regulatory sys- 
tems, resulting in problematic sleep. Parenting is pro- 
posed to play a key role in sleep-wake regulatory systems 
[58]. Sleep problems within the normal (non-clinical) 
population fall into the categories of: 1) insomnia (diffi- 
culty getting to sleep); 2) poor sleep maintenance (diffi- 
culty staying asleep), and; 3) sleep fragmentation 
(frequent night waking). Sleep problems can result in a 
shorter than normal sleep duration measured over a 24- 
hour period (termed "short sleep duration"). 

Adequate sleep in infancy and childhood is important 
for physical and psychosocial growth and development. 
A number of cross-sectional and longitudinal studies 
have linked short sleep duration with the development 
of obesity [10,59,60]. Moreover, as obesity rates have 
increased over the last one or two decades, some longi- 
tudinal studies have reported a significant decline in 
sleep duration [61,62] possibly associated with modern 
lifestyle. 

Sleep difficulties in early infancy are common (25-35% 
prevalence) and can be transient but those unable to 
achieve a sleep duration of 6 h by 5 months of age have 
a much greater risk of short sleep duration and sleep 
problems later in childhood [63,64]. Moreover, sleep 
problems often co-exist with feeding difficulties [65]. 
There are proven strategies for preventing and treating 
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sleep problems in infancy [66], which may also decrease 
postnatal depression in mothers and improve family 
well-being [67]. However, their potential impact on 
growth and obesity is not known. In one study these 
sleep interventions did not appear to affect growth [68] 
but the effects of the sleep intervention on parent- 
reported sleep problems were not large, there were no 
objective measures of sleep, and growth outcomes were 
not part of a pre-planned analysis. Paul et al. [69], how- 
ever, report a pilot study of a combination infant sleep 
intervention and weaning intervention that had a signifi- 
cant effect on weight for height centiles at 1 year of age 
with the mean weight for height centile in the combined 
intervention group being the 33 rd centile compared to 
the 50 th centile for the comparison group. 

Other factors 

At least 9 genes have been associated with obesity in 
childhood [70], and at least one of these seems to influ- 
ence appetite [71]. As genes and environment interact at 
many levels, it is important to assess the more common 
genetic loci increasing the risk for excessive weight gain 
in large intervention studies. 

All parenting practices, including those around infant 
food, activity and sleep, are influenced by parenting style, a 
psychological construct representing standard strategies 
that parents use in their child rearing. Parenting style is 
characteristic of the parent, is not altered by the child, is 
stable over time and acts as the context that moderates 
the influences of specific parenting practices [72]. It is 
therefore important to investigate the relationship between 
parenting style and the success of any behaviour interven- 
tion. Managing children's behaviour is a fundamental part 
of parenting, and disciplinary practices within families that 
can have a lifelong effect on children's well-being [73]. 
Surprisingly few studies have explored the emergence of 
discipline practices in the first few years of life and those 
authors who have, have focused on physical discipline 
[74,75]. More recently, research has suggested that punish- 
ment of any type, and verbal aggression, may have the 
same adverse effects on well-being as physical discipline 
[76]. Several American studies have claimed that as many 
as a third of parents reported yelling at infants before they 
were nine months of age and twice this number between 
19 and 35 months [77,78]. As education and support 
around the areas of feeding, activity and sleep are part of 
broader parental efforts to modify child behaviour, exam- 
ining the potential effects (either positive or negative) on 
child discipline of any intervention that affects parenting 
behaviour is warranted. 

Aim 

The aim of this study is to evaluate the effect on weight 
velocity and body mass index at 24 months of age of 



two early childhood obesity prevention interventions 
delivered to parents in late pregnancy and the first 2 
years of their infant's life: anticipatory guidance, extra 
education and support to encourage (a) positive diet 
and physical activity behaviours, or (b) appropriate 
sleeping patterns, or (c) both interventions combined. 

Methods/Design 

Overall study design 

The study is a 4 arm randomised controlled trial (see 
Figure 1), consisting of a two-year intervention phase 
with planned follow-up for 5 years depending on addi- 
tional funding. Ethical approval to conduct this study 
has been granted by the New Zealand Lower South 
Regional Ethics Committee (Project Key: LRS/08/12/ 
063). 

Participants and recruitment 

All pregnant women booked into the Queen Mary 
Maternity Unit, Dunedin Hospital (Dunedin, New Zeal- 
and), will receive a letter acknowledging their booking 
and providing initial information about the study. There 
is no other birthing facility in Dunedin, and the number 
of home births in Dunedin is < 3%. The Lead Maternity 
Carers (LMCs) who offer home births will give similar 
information to women requesting home births. At 28 
weeks gestation the prospective participant will be sent 
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Figure 1 Consort diagram for POI.nz study SWCC stands for 
Standard Well Child Care. 
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a letter inviting participation with an opt-out option. 
Should the woman not opt-out, a research nurse will 
ring her within 2 weeks to establish eligibility, explain 
the study, answer any initial questions and, if appropri- 
ate, make a time for an individual meeting so that the 
woman can give her written informed consent to parti- 
cipate. Once eligibility is established and consent 
obtained, the woman will be randomised to one of the 
four study groups. 
Inclusion criteria 

Women will be eligible to participate if they are aged 16 
years and over; are booked into the birthing unit at 
Queen Mary Maternity Unit, Dunedin Hospital, or we 
are notified by their home birth LMC, before 34 weeks 
gestation; are able to communicate in English or te reo 
Maori (Maori language); and are not planning to leave 
the local area prior to their child's second birthday. 
Exclusion criteria 

After birth, babies will be excluded if they are born 
before full term (36.5 weeks), or if a congenital abnorm- 
ality or a physical or intellectual disability likely to affect 
feeding, physical activity or growth is identified. 

Sample size 

A sample of 800 mothers (200 in each arm) will be 
required for the study at baseline, allowing for approxi- 
mately 25% drop-out. The sample size calculation was 
based on detecting differences in the two main out- 
comes: weight velocity and body mass index (BMI) at 
two years with power set at 80% and two-sided signifi- 
cance (alpha) at 5% in all cases. A sample size of 103 
per group is needed to detect a difference in the propor- 
tion of children having a weight velocity above the 75th 
centile of the World Health Organisation (WHO) "ideal 
growth" standards of 50 versus 30% in any two arms of 
the trial at 3 years. One hundred and forty-two partici- 
pants per group would be required to detect a difference 
in BMI of 0.5 kg/m 2 using a mean (SD) of 16.8 (1.5) 
from an earlier study [79]. Our study is also sufficiently 
powered to detect differences in several secondary out- 
comes including a difference in 24-hour sleep duration 
of 0.5 h (23 participants per group assuming a SD of 0.6 
h) and a difference in sleep problems of 35% versus 20% 
(151 per group). 

Registration and randomisation 

A computerised random-number generator will be used 
to assign blocks of participants to the four arms. As 
socioeconomic status (SES) and parity may significantly 
affect the primary outcomes, stratified block allocation 
was used (SES low, medium or high (defined by the 
2006 New Zealand Index of Deprivation [80]); parity 1 
vs. > 1) with a block size of three used within each com- 
bination of strata. Allocation will be concealed and 



performed following application of the inclusion and 
exclusion criteria. The randomised group will be 
revealed to the participant by the research nurse on the 
opening of an opaque pre-sealed envelope. 

Study groups 
Usual care group 

Families in the Usual Care group (the comparison 
group) will receive the standard government funded 
"Well Child" care service which includes 7 core visits at 
2-4 weeks, 6 weeks, 3, 5, 8-10 and 15 months, and 2 
years of age respectively. These free home and clinic vis- 
its with a Well Child nurse assess growth and develop- 
ment, hearing, vision and wellness for all children in 
New Zealand (see http://www.health.govt.nz/our-work/ 
life-stages/child-health/well-child-services/well-child- 
overview). The nurses offer support and guidance with 
growth and development assessments and information 
about breastfeeding, nutrition, parenting, safe sleep 
environments, smoking cessation, safety, immunisation, 
and family health issues. 
Intervention groups 

Families randomised to one of the three intervention 
groups will receive standard Well Child care plus addi- 
tional support and education according to group alloca- 
tion. The interventions will be delivered by specially 
trained research nurses, lactation consultants, and sleep 
specialists as appropriate via home visits (majority) and 
group sessions, as described below. 
FAB group Those in the Food, Activity and Breastfeed- 
ing (FAB) group will receive an additional 8 parent con- 
tacts for augmented education and support around 
breastfeeding, food and activity over the first 18 months. 
An anticipatory guidance group session will be held 
before birth (typically 34-35 weeks gestation) to discuss 
breastfeeding (benefits, challenges, developing a "breast- 
feeding plan") and outline the FAB programme. A regis- 
tered lactation consultant will visit each mother in the 
first week she returns home from the maternity unit 
and when the infant is 4 months of age to provide spe- 
cific support and education around breastfeeding (exclu- 
sive breastfeeding to 6 months of age, breastfeeding to 
12 months of age), or formula feeding if necessary, and 
the introduction of solid foods (delaying to 5-6 months 
of age, re-offering new foods that have been rejected, 
beverages, family meals, hunger and satiety cues, "you 
provide, they decide"). The lactation consultant will also 
be available for additional support when requested by 
the participant up to 6 months postpartum. Group phy- 
sical activity sessions will be run by early childhood 
exercise specialists at 3, 9 and 18 months. These ses- 
sions target the importance of awake prone time 
("tummy time"), outdoor play, and family activity; and 
encourage limiting television viewing prior to two years 
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of age. Food-based education sessions will be held at 7, 
12 (individual) and 18 (group) months of age aiming to 
improve several aspects of food intake (fruit, vegetables, 
snack foods, treat foods, beverages, family meals, break- 
fast, portion sizes) as well as providing advice on appro- 
priate parenting strategies via the use of a "you provide, 
they decide" model [81], with repeated offering of new 
foods that have been rejected. 

Sleep group Those in the Sleep group receive an addi- 
tional 3 (minimum) parent contacts focussing on devel- 
oping appropriate sleep habits from early in life. An 
anticipatory guidance group session will be held before 
birth (typically 34-35 weeks gestation) to outline normal 
sleep and what to expect in the first few months, as well 
as techniques to prevent the development of sleep pro- 
blems-primarily detecting signs of tiredness early and 
placing baby to sleep awake but just before they go to 
sleep, maximising day-night differences, and avoiding 
bed-sharing. A research nurse then conducts home visits 
at 3 weeks, 4 months and 6 months, with sleep advice 
given as required. At the 3 week home visit, a sleep 
information booklet is given to participants and the 
information is re-enforced in one to one interaction 



with the research nurse. Parents who indicate that their 
child has problematic sleep at any time from 6 months 
to 2 years of age are offered a more intensive sleep 
intervention. If participants request this assistance, an 
assessment of the baby's sleep and related factors is 
completed by the research nurse and this assessment is 
then brought to a meeting of the Sleep team and appro- 
priate intervention discussed. The research nurse then 
takes a suggested plan back to the family and works 
alongside the family to assist implementing the agreed 
approach. Support by way of phone calls or visits will be 
given as required. The interventions used are matched 
to each family with the following modified "extinction" 
techniques being preferred: Parental Presence, Con- 
trolled Comforting and 'Camping Out' [66,82]. 
COMBO group Those in the Combo group receive all 
FAB and SLEEP interventions as described above. Some 
are combined so that there are 9 intervention visits in 
total. 

Outcome measures 

The timing of all outcome measures is presented in 
Table 1. The primary outcome measures are weight 



Table 1 Outcome measures for the study 



Time point 





Preg Birth 3 w 7w 4m 6m 


12 m 


18m 24 m 


Cord blood 


X 






Anthropometry - child 3 
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X X 


Anthropometry - parent b 
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X X 


Sleep (child) 








Questionnaire/diary 


X XX 


X 


X X 


Accelerometry 


X 


X 


X 


Sleep (parents) 


X X 
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X X 


Breast feeding and introduction of solids 


Brief monthly phone call from 7 to 23 weeks 






Diet in child 
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Feeding behaviours 
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Physical activity (child) 
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X X 


X 
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X X 
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Physical activity (parent) 
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Maternal depression 


X X 
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Paternal depression 
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X 
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X XX 
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See text for specific methods 








a Weight, length, and head and waist circumferences at each time point 






b Weight, height and waist circumference of mother and father at 6 and 24 months, weight and waist circumference in mother at 12 months, 


and weight in 



mother at 18 months 
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velocity at 0-6, 6-12, and 12-24 months; and body mass 
index z score at 24 months of age. All other measures 
are for secondary outcomes. 
Anthropometry 

Trained measurers blinded to group allocation will con- 
duct all outcome measurements following standard pro- 
tocols, in general as used by the WHO studies that 
established the WHO ideal growth charts [83]. As waist 
circumference is not specified in the WHO protocols, 
waist circumference for infants up to 2 years of age will 
be measured just above the plane connecting the superior 
iliac crests, with the infant lying down. In parents, the 
natural waist (the narrowest part of the torso) will be 
measured. Pre-pregnancy maternal weight will be self- 
reported. All other weights will be measured in standard 
clothing conditions (singlet and no nappy for babies, 
singlet and/or underwear for older children) using regu- 
larly calibrated electronic scales (Tanita WB-100 MA/ 
WB -110 MA). Length will be measured using a Rolla- 
meter 100c length board (Harlow Healthcare, UK), head 
circumference using a Seca 212 measuring tape (Seca, 
Germany) and abdominal circumferences using a Ross- 
craft Anthropometric tape (Rosscraft Innovations Inc, 
USA). All heights will be measured using a Harpenden 
stadiometer (Holtain Ltd, UK) in the clinic setting or a 
Leicester Height Measure (Harlow Healthcare, UK) when 
parents request a home visit for measuring. All measure- 
ments will be conducted in sequence as follows (mother 
(M), father (F), baby (B), weight (w), height (h), length (1), 
waist circumference (wc), head circumference(hc)): Mh, 
Mwc, Mh, Mwc, Bhc, Mw, Bw, Mw, Bw, Bwc, Bl, Bwc, Bl, 
Bhc, Fw, Fh, Fwc, Fw, Fh, Fwc. 

A third measurement will be made if the duplicate 
measures indicated above are not within 0.1 kg for 
weight, 0.5 cm for height, 0.7 cm for length, 1.0 cm for 
waist circumference, and 0.5 cm for Head circumfer- 
ence. Table 1 details the measurements at each time 
point. 

Breastfeeding 

To gain a more accurate measure of breastfeeding status 
and when solids are introduced, participants will be 
interviewed by brief phone call every 4 weeks when 
their infant is aged 3-27 weeks, and asked to provide 
information on changes in breastfeeding, or infant for- 
mula feeding, to the nearest week. Qualitative interviews 
will also be conducted with a subset of women to 
explore the role of perceived insufficient milk supply in 
shortening the duration of breastfeeding, and to describe 
the experiences of women who exclusively breastfeed 
successfully to 6 months. 
Dietary intake and habits 

Dietary intake will be assessed by a validated food-fre- 
quency questionnaire (FFQ) at 12 and 24 months. This 
consists of 87 foods or food groupings and assesses 



frequency of intake across seven categories ranging from 
less than once per month to number of times per day. 
Serving size is measured using a combination of child 
palm size and usual counts (eg. 1 slice of bread). The 
assessment of leftovers is also incorporated into each 
question. Maternal feeding practices will be assessed 
using the Comprehensive Feeding Practices Question- 
naire [84] at 18 months and by the Caregiver's Feeding 
Styles Questionnaire at 24 months [85]. Food security 
was measured at baseline using questions derived from 
the New Zealand National Nutrition Surveyl997 [2]. 
Physical activity and inactivity 

The primary measure of physical activity will be 
obtained from Actical accelerometers (Mini-Mitter, 
Bend, OR) attached by specially made belts to the child's 
ankle (6 months) or waist (12 and 24 months) and worn 
over 5 consecutive 24-hr periods. Given the lack of vali- 
dated cut-offs for determining intensity of activity in 
infancy, activity accelerometry will be measured as 
counts/minute. Questionnaires will assess the amount of 
active outdoor and indoor play, stroller and car seat use, 
and television viewing; and family rules around televi- 
sion use. Parental physical activity will be assessed using 
the short form of the New Zealand Physical Activity 
Questionnaire [86,87]. Motor skills will be assessed by 
using age appropriate questions from WHO develop- 
mental questions [88] as well as the "ages and stages" 
questionnaire [89]. 
Sleep 

The quantity and quality of sleep will be assessed by 
questionnaire and 2-day sleep diaries (5-minute blocks) 
at multiple time points (see Table 1). The questionnaires 
were developed from the consensus opinion of the 
researchers and using items from a range of validated 
sleep questionnaires [90,91] and national surveys. The 
format has been standardised to ask for usual behaviour 
over the last 2 weeks, in particular time put to bed, time 
taken to settle to sleep, number and usual duration of 
awakenings and wake up time. We asked parents to 
answer similar questions about their own sleep and also 
to provide a self-rating of adequacy of duration and 
quality of sleep. Specific questions around pre-sleep rou- 
tines and sleep environment has also been included. 
Parental fatigue levels will be assessed using the brief 
fatigue assessment scale [92]. 

Infant sleep will also be objectively measured using Acti- 
cal accelerometers (Mini-Mitter, Bend, OR) over 5 conse- 
cutive 24-hr periods as for physical activity assessment 
[93]. An algorithm developed specifically for the acceler- 
ometer will be used to identify infant sleep-wake states. 
Biological samples 

Cord blood will be collected and stored at the time of 
delivery. Genomic DNA will be prepared and the contri- 
bution of inherited genetic variants known to explain 
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variation in weight tested for a role in weight gain in the 
children. Examples are the FTO and MC4R genes. The 
influence of environmental factors on genes will also be 
tested, including interactions and epigenetic changes. 
Parenting and family life 

Parenting skills and efficacy will be measured using four 
brief scales from the Longitudinal Study of Australian 
Children (LSAC) measuring warmth, irritability, consis- 
tency and overprotection (24 items extracted from 
Wave 1 interview schedule 1 and parent questionnaire 
1) [94]. Maternal attachment to infant, and infant adapt- 
ability will be assessed by two subscales from the Parent 
Stress Index [95], while usual discipline practices will be 
assessed using an age appropriate list of positive and 
negative behaviours from 6 months of age. Family chaos 
will be assessed [96] at 18 months as will family quality 
of life [97] at 12 and 24 months. 
Parental mental state, stress and support 
The Edinburgh Postnatal Depression Scale will be used 
for both parents at baseline, 4 and 12 months [98,99]. 
The Depression Anxiety and Stress scale will be used 
with both parents at 2 years [100]. 
Infant temperament 

The 30 item Colorado Childhood Temperament Inven- 
tory [101] will be used at 6 months and 2 years of age, 
partly because it contains a subscale that looks at reac- 
tion to food. 

Data analysis 

Analyses will be conducted using the intention to treat 
principle (retrospective exclusions will be made where 
participants are subsequently found to have not satisfied 
inclusion/exclusion criteria) although some missing data 
is anticipated due to dropout. Linear mixed models will 
be used to compare arms of the trial for continuous 
outcomes (for example weight or BMI z-score) using an 
appropriate covariance structure for the repeated mea- 
sures (selected using Akaike's and Bayesian Information 
Criteria). Binary and ordinal logistic mixed models will 
be used where the outcome is categorical (for example, 
moderate or major sleep problem at 2 years). Models 
will control for known predictors of the outcome of 
interest (including parity and birth weight). The linearity 
of associations for continuous predictors will be exam- 
ined using fractional polynomials, with transformations 
used when necessary. Appropriate residual plots will be 
examined to identify problems with model assumptions. 
Missing data are anticipated to be either missing com- 
pletely at random or missing at random, in which case 
maximum likelihood estimates will be unbiased, but sen- 
sitivity analyses will be performed to examine possible 
effects on conclusions should this assumption not hold. 
In all cases, 95% confidence intervals will be reported. 



Statistical significance will be determined by p < 0.05 
and all tests will be two-sided. 

Discussion 

This study looks directly at modifying growth in early 
infancy-a time when it is likely to be easiest to set up 
patterns of behaviour around food, activity and sleep 
that appear to be associated with healthier child and 
adult weight. Three similar studies are currently being 
conducted in Australia which all focus on first time 
mothers [102-104]. The 3 Australian studies and this 
New Zealand study will prospectively collect an identical 
minimum dataset, and have agreed to, after individual 
analysis of each study, combine our data in a prospec- 
tive meta-analysis [105]. It should be noted that this 
New Zealand study is the only one to include multi-par- 
ous mothers as well as a specific intervention focused 
on sleep. As such, it is one of only a few studies deliber- 
ately using sleep as an intervention to prevent or man- 
age overweight status [69,106,107]. As there is 
considerable controversy around using behavioural 
methods to alter infant sleep patterns, this study is tak- 
ing considerable effort to look at any effect of these 
interventions on parenting and maternal attachment, as 
well as infant behaviour. If these interventions prove to 
be successful, the primary prevention of obesity in 
infancy could have a major impact on children over 
their life course, contributing to lower cardiovascular 
risk, hypertension, obstructive sleep apnoea, type 2 dia- 
betes, and joint and bone problems. 
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